Context: Despite the improvements that have been made in treatment of breast cancer, upper-limb lymphedema is still an unsolved problem in the treatment of women with breast cancer. Upper extremity lymphedema may accompany with decreased in shoulder range of motion and strength, and also pain. Nowadays, exercise training acts as a treatment method to control lymphedema in breast cancer survivors. Therefore, this study reviews the results of the applied studies in this field to survey the influences of exercise training on lymphedema and to determine its related symptoms in women with breast cancer.
Context
In western countries, incidence and death by breast cancer are considered as an important subject and many types of research have been conducted in this field (1) (2) (3) . In recent decades, medical improvements have led to increasing in the number of breast cancer survivors, and breast cancer is no longer an uncontrollable disease (3). Thus, development of cancer care and medication in these patients could increase the lifetime and improve the quality of life.
Treatment of these patients consists of surgery and radiotherapy, which these procedures for breast cancer can cause short-term pain and tenderness in the treated area. Also, the skin in the breast area may feel tight, and the muscles of the arm may feel stiff or weak (4) (5) (6) (7) (8) (9) . Recent studies have also reported that probably 50% of cancer patient survivors are exposed to lymphedema risk over a period of 20 years after treatment (10) . The UK started assessment of the quality of life of 2,208 breast cancer patients in a 5-year period (11) . About one third of the patients complained of pain in their breast and arm (11) .
One of the problems in breast cancer survivors after mastectomy is lymphedema and pain in the arm. There are many treatments for lymphedema, but none of them could be considered as a complete treatment (12) . It can be seen that exercise training is not a conventional method for controlling lymphedema, and some experts even prohibit this treatment. A few researches have studied the effect of exercise training on lymphedema treatment. Therefore, this study was conducted to review and summarize the results of studies applied on exercise intervention and breast cancer lymphedema. This study also aims to specify the type and amount of adequate exercise training in patients with Lymphedema. Previous reviews on exercise training intervention and breast cancer patients had focused on special consequences and groups, such as physical fitness, (13) body composition, (14) immune function, (15) fatigue, (16) and quality of life (17) . There are a few prior studies that have reviewed the effect of exercise training on lymphedema in patients with breast cancer. This systematic review examines the evidence that exercise training intervention, is useful to help lymphedema in patients with breast cancer and improve their physiological and psychosocial conditions. Another purpose of this study is to evaluate the effect of different types of exercise training on breast cancerrelated lymphedema.
Methods

Search Strategy for Identification of Relevant Studies
In this study, literature review was applied by searching in MEDLINE, CINAHL, and Google Scholar on 1 August 2016 using search related keywords including cancer, radiotherapy, chemotherapy, breast cancer and exercise training, exercise therapy, physical activity, physical training and lymphedema, lymph node, upper extremity edema and controlled trial, randomized, placebo, randomly or group (an example search carried out in Pub Med database was observed in Table 1 ). It needs to be stated that relevant reference lists were also manually searched. The selection of full-text articles was based on the search strategy to identify studies from electronic databases presented in Table 2 .
Selection Method
To be included in this review, a randomized and nonrandomized controlled trial should be focused on women adult patients with breast cancer (aged ≥ 18) and it includes exercise intervention group and the control lymphedema group. Also, studies must be published in the English language. Figure 1 shows the flowchart of the methodology implemented in this study.
Methodological Quality Assessment and Data Extraction
Summary tables were designed based on the guide to community preventive services (TGCPS) (18) . The summary tables have described the interventions of the exercise training, participants' specifications, measuring results, and conclusions of the studies. Study quality was evaluated by 10 questions: (1) query of the study; (2) competency criteria; (3) proper involvement of intervention groups; (4) check groups baseline similar properties; (5) control for confounders; (6) full description of interventions and results; (7) blinded results evaluation; (8) evaluation results with correct methods (18, 19) . A study with at least 5 out of 10 points was considered as a high-quality study. In this review, only high-quality studies were taken into account. 
Outcomes
Clinical effectiveness
Study Designs
Non-randomized controlled trial; randomized controlled trial; uncontrolled trial;
Data Synthesis
First, information of the selected studies was summarized ( Table 2 ). The summary tables show the interventions, results, and conclusions of the researches. Due to the lack of precise control and incongruity of the study designs, a meta-analysis on the results was not carried out in this review. 
Results
Thirty-two relevant researches were accepted. According to the inclusion/exclusion criteria, twelve researches were then selected. These studies include eight randomized controlled trials, 2 non-randomized controlled trials, and 2 uncontrolled trials. Study descriptions and outcomes were exposed in Table 3 .
Conclusions
Breast cancer survivors confront some problems due to their illness and therapeutic methods. Physical fitness and quality of life deteriorate and risk for recurrence of cancer increases. Most of the medics prescribed for cancer patients and survivors are to keep away exercise training. However, some new studies on the effects of physical activity on cancer patients have challenged this recommendation. These studies have reported that exercise training during and after adjuvant cancer therapy is safe and efficient for lymphedema management. They have concluded that physical training could improve physical fitness, and thereby increase the quality of life (20) (21) (22) . suggested that VO2peak improvements by exercise training are the best technique to improve physical fitness and quality of life in lymphedema patients (20) . Furthermore, exercise did not interfere with ability or desire of cancer patients to complete their treatments. Their findings showed that quality of life was decreased in most of the cancer patients, and this was an important problem of these patients in long-term. According to the results of this research, exercise training can diminish the problem by improving a physiological aspect of the body (23) . Therefore, exercise during chemotherapy and after the treatment is effective for lymphedema patients.
McKenzie and Kalda (2003) reported that exercise is not effective to change the arm volume in lymphedema cancer patients, but they may experience an increase in quality of their life (24) . They reported that harmfulness of strength training for patients with lymphedema is an abuse belief. Thus, the lack of effectiveness of the intervention may be due to small sample size or inadequate exercise training time or intensity resulting in statistically significant changes.
Eight-week moderate intensity resistance exercise program along with 1 or 2 weeks of intensive complex decongestive therapy for patients with breast cancer-related lymphedema improve function and strength of arm without changing the volume (25) . Also, Simonavice et al. (2016) assessed the arm circumferences of 27 breast cancer patients during 24-week resistance training (26) . Their findings implied that resistance exercise training can be a safe activity for breast cancer patients with lymphedema.
Nelson (2016) reviewed the effect of resistance training on lymphedema in breast cancer patients. In 6 randomized controlled trials, involving 805 breast cancer survivors, he concluded that breast cancer survivors can perform high-enough intensity resistance exercise training to increase strength muscle without any changes in lymphedema status (27) . Keilani et al. (2016) reviewed the influence of the resistance training on secondary lymphedema in breast cancer patients (28) . As a conclusion remark, it was seen that none of the included articles showed negative effects on arm circumference and its volume. The intensity of resistance training in the included studies was moderate to high. in their review article, mentioned that patients with lymphedema can exer-cise safely without fearing of escalation of lymphedema. However, there is insufficient evidence for using compression garments during training (29) . Buchan et al. (2016) studied the effect of resistance or aerobic training on the severity of lymphedema in cancer patients. Their results showed that exercise did not cause any change in lymphedema severity, but the shoulder performance was improved (30) . Findings of their study suggested that the mode of exercise training is not important given the severity of lymphedema. Therefore, to determine the mode of exercise for patients with lymphedema, individual's background, medical considerations and functional requirements must be considered.
In some previously studies in this field, arm composition was controlled by comparison between volume and circumference of two hands (12, 31) . However, these measurement techniques were not able to show which tissue is changed by exercise training intervention. Regular exercise increases muscle size and decreases fat tissue. Although arm volume did not alter in most of the trails, the positive effect of exercise training may be covered by arm composition changes in lymphedema cancer patients.
In answering the above-mentioned ambiguity, Bok et al. (2016) studied the ultrasonic influence of progressive resistance training on lymphedema responses in breast cancer patients (32) . They observed that resistance exercise training can reduce subcutaneous fat and arm circumferences in patients. Also, resistance exercise training significantly increased the arm hypertrophy. They reported in the treatment process of patients with breast cancer-related lymphedema that progressive resistance exercise training with complex decongestive physiotherapy did not cause additional swelling. They concluded that resistance exercise may reduce arm circumference by decreasing subcutaneous tissue thickness and increasing muscle thickness.
Overweight and fatness can cause interference in evaluating the changes in volume and circumference of the arm (31). They can cover the changes of lymphedema by increasing hypertrophy of normal arm rather than a lymphatic arm, or increasing volume of two arms. So, in these trails, measurement of real changes in arm volume is difficult and requires modern equipment (24) .
In previous studies, although the lymphedema did not change, patients reported the desirable effect of exercise on their lymphatic arm. But this improvement was not measurable.
Researchers said the exercise training improved the health in ways that were not measurable with these methods. They concluded that exercise training results in softening of hardened areas, pain reduction and swelling in everyday activities, and reconstruction of the tendons of the hand. Many participants continued training after the end of the study period (24) . Ahmed et al. (2006) reported average changes of four round-arm measurements after 24 weeks of weight training in lymphedema-related cancer patients were less than two centimeters (33) . They concluded that resistance and aerobic exercises are better than sedentary lifestyle for lymphedema-related cancer patients. Exercise through multiple physiological processes may help to control lymphedema and related symptoms. There are several feasible biologic mechanisms in which exercise training may help prevent lymphedema or may control its symptoms. Exercise training helps to enhance lymph flow and increase protein resorption (34) (35) (36) . Lymph flow is increased by reducing the intra-thoracic pressure accompany with inspiration (37); therefore, increase in pulmonary activity during exercise training may reduce swelling (38) . Furthermore, Svensson et al. (1994) showed that arm venous drainage has some problem in breast cancer survivors with lymphedema (39); thus, stretching exercises may reduce tissue hardness, and trapped lymph fluid (38) . surveyed the effect of 12 weeks of exercise training with a compression bandage on lymphedema changes in women with breast cancer (40) . They observed compression use during exercise training had no positive or negative effect on breast cancer-related lymphedema. On the other hand, Hammer et al. (2007) observed 31% reduction in mean initial lymphedema volume after twice a week for 8-week complete decongestive therapy (CDT) that consisted of manipulation massage therapy, use of compression bandage, and stretching training (41) . The degree of pain was also decreased from an average of 6.9 to 1.1 after treatment (numerical scale from 0 to 10). reported that some clinical variables may be able to predict the useful responses of training in lymphedema-related cancer patients (42) . These clinical variables included having no training background, being unmarried, having no overweight or obesity, or being in a good health situation. Furthermore, other contributing factors included auxiliary dissection, breast radiotherapy, axilla radiotherapy, pathological nodal status, obesity, and stage of the tumor. So, future trials should be focused on patient preference, social support, age, disease stage, and general health as potential moderators of exercise training responses in cancer patients, especially while designing future exercise trials and/or recommending exercise to lymphedema patients.
There are several reasons to prescribe an incrementally controlled training program for the treating protocol of breast cancer-related lymphedema (43) . Lymph fluid flows over both active and passive forces. Nowadays, passive treatment methods are commonly used to control lymphedema in breast cancer survivors. The passive methods contain manipulating lymphatic therapy, treating massage, use of compress pump, recessive sleeves, and elevation of the limb. Exercise training method is an active force for the treatment of lymphedema. These active forces contain the pump of skeletal muscle, the pump of the respiratory, and arterial pulse (24) . The active muscles during exercise cause increase of blood and lymph pump in the body (36) . Exercise training should also stimulate the contraction of the lymph vessels by the sympathetic system. Exercise training by these internal contractions resets the sympathetic system to these vessels and may help to the long-term treatment of lymphedema (24) .
So, exercise training is safe for cancer patients with lymphedema. Few previous studies showed no significant difference between the type of exercise training, but strength training had been considered in further studies. It is also recommended that resistance training have to be done with medium to high intensity. Furthermore, it is better to prescribe exercise training mode to cancer patient survivors with related lymphedema on the basis of personal preferences, survivorship concerns, and functional consideration. Some studies have reported the use of compression garments during training to be ineffective, while some others have found it to be useful. Therefore, according to most studies, aerobic, resistance and stretching training programs had no influence on the volume and circumference of the arm in lymphedema cancer patients, but the training had a noticeable influence on the quality of life. As a final conclusion remark, it can be suggested that researchers consider training programs as treating methods instead of only controllers in lymphedema patients.
